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This inventiQii relates to a track-and-hold drcuit and, more parlicularlyy to a 
track-and-hold circoit for use in an analog-to-digital converter. 

High speed analog-to-digital converts (ADC's) play a decisive role in the 
overall performance of many imaging, video and digital cormnunication systems, and have 
5 hoGn successfully developed using a number of different architectures. 

RefOTing to Fig. 1 of the drawings, there is illustrated a simple Track-and- 
Hold (T/H) circuit consisting of a switch 10 and a capacitor 12. The switch 10 can be realized 
using one or more MOS transistors; and is closed during a Ixack mode of the circuit (when 
the capacitor charge tracks the irtput signal) and open during a hold mode of the circuit 
10 There are a number of disadvantages associated with this configuration, including the feet 
that Ron of the switch 10 and charge injection to the capacitor 12 during switching-off is 
ii^ut signal dependent, and therefore introduce ofi&et and distortion, which is clearly 
undesirable. 

Referring to Fig. 2 of the drawings, a known solution to this problem is to 
15 provide a bootstrap circuit 14 between the clock elk and the gate of the switch 10. The 
hootstrap circuit 14 has an additional input terminal, and the resultant bootstrapped clock 
signal clld)oot output fit>m the bootstrap switch 14 is applied to the gate of the switch 10. In 
this way, the clock signal fed to the gate of the switch 10 follows the input signal: Vclkboot . 
high Vin + VDD. Now, the drive voltage Vs of the switch 10 is alw^ equal to YDD and 
20 thus independent of Vin. As a result, distortion is suppressed, although the of&et remains. 

Refeiring to Fig. 3 of the drawings, a well known solution to this is to use 
dummy switches 16 which are clocked in anti-phase with the actual switch 10 and thereby 
conipensate for the charge injection of the switch 10, so as to suppress the offset As shown a 
first hootstrap switch 14a provides a bootstrapped clock signal to the gate of the switdi 10, 
25 and a second bootstr^ switch 14b provides a bootstr^iped anti-phase clock signal to the 
gates of the dummy switches 16. 

However, when the track-and-hold circuit is in hold mode, the clock on the 
dummy switches 16 is hig^ and follows the inpxxt signaL This gives crosstalk to the sairple 
capacitor 12 via the gate capacitance of the dummy switch 16, whidi again results in 
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distortiQa. Fui1fa6imor6|» in order to achieve high bandwidth and low distortion, Vgis of llie 
switch 10 should be maximal so as to minimize Ron of the switch 10. However, in the 
arrangement of Fig. 3, Vgs is only VDD - 0.5V. 

US patent number 6,525,574 Bl describes a sample and hold circuit to sanq)le 
5 and hold an inptxt signal, Ifae dicuit including a load capacitor to hold the signal, a switoh to 
control the charging of Ihe load capacitor, and a boost circuit to control the operation of the 
switoh. The boost circuit provides an increased voltage to the gate of the switoh to avoid 
increasing the size of the switoh and effectively lowering the on resistance of the switoh. It 
compensates for variations of Ifae threshold voltage on the switoh and the efiEective on 
10 resistance of the sampling switoh is kept substantially constant thereby minimizing distortion 
of the sanotple signal. 

We have now devised an improved arrang^ent 

In accordance with the present invention, there is provided a track-and-hold 
circuit having an hspxA and an output signal, a bootstrap switoh having as its iiqmts a clodc 
15 signal and an ixspvt signal, and input signal being connected to said output signal of said 
circuit via level shifting and buffering means; characterized in that said input signal of said 
bootstrap switoh comprises said output signal of said circuit 

The track-and-hold circuit preferably includes two or more bootstrap switehes, 
the irQ)ut signal of each of which is connected to said output signal of said circuit via said 
20 level shifting and buffering means. 

In one exemplary embodiment, the buffeting means may coxrprise a MOS 
transistor, pref^bly a PMOS transistor. 

In a preferred embodiment, the track-and-hold circuit comprises capacitor, Ihe 
input signal being connected to said capacitor via a switoh, said switoh being closed during a 
25 track mode of said circuit and open during a hold mode of said circuit Beneficially, one or 
more dummy switohes may be provided, which are clocked in anti-phase to said switoh 
connecting said input signal to said capacitor. Preferably, the input signal is connected to said 
dummy switches via a bootstrsQ) switoh, having as an additional input an antt-phase clock 
signaL 

30 Also in accordance with the present invention, there is provided an analog-to- 

digital converter including a track-and-hold circuit as defined above. 

These and other aspects of the invention will be qyparent fiom and elucidated 
with reference to the embodiment described hereinaftier. 
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An einbodiment of llie present invrntion will now be described by way of 
example only aadwitibi reference to the accompaiqring drawings, in whidi: 

Fig. 1 is a schematic circuit diagram of a track-and-hold dicnit according to 

S Hiepriorarl; 

Fig. 2 is a schematic circuit diagram of an improved track-and-hold circuit 
according to the prior art; 

Fig. 3 is a schematic circuit diagram of a furlher improved track-and-hold 
circuit according to the prior art; 
10 Fig. 4 is a schematic circuit diagram of a bootstrap switch for use in an 

exeirplary embodiment of the present invention; and 

Fig. 5 is a schematic circuit diagram of a track-and-hold circuit according to 
an exemplary embodiment of the inresent invention. 

15 

Referring to Fig. 5 of the drawings, a track-and-hold circuit according to an 
exenqilaiy embodiment of the present invention comprises a switoh 10 and a capacitor 12, as 
before. A first bootstrap switch 14a has as its inputs a clock signal elk and an input signal Vs 
winoh is a level shifted version of the tracked and held input signal Vin. The clock signal 
20 clkboot output fix)m the first bootstr^ switoh 14a is applied to the gate of the switoh 10, and 
now equals Vin + Vdd and Vlevelshift Levelshifting is done in the form of a current source 
20 and buffer means 30. The drive voltage Vgs of switoh 10 is now Vdd + Vlevelshift = Vdd 
+ 0.5V, which is higher than in the arrangement of Fig. 3. 

A second bootstrap switoh 14b is provided, having as its inputs an anti-phase 
25 clock signal elk and the levelshified input signal Vs. The anti-phase clock signal clknboot 
output fcom the second bootstrap switoh 14b is applied to the gates of two dummy switohes 
16 cormected on either side of the switoh 10. Note that Vs is constant in hold mode so there is 
no crosstalk to the sample csqpacitor 12, as opposed to the case in the arrangement of Fig. 3. 

There are several different configurations of a bootstrap switoh, one of which 
30 is illustrated in Fig. 4. Other inqilementations of bootstrap techniques are well-known in the 
art, and the present invention is not intmded to be limited in this regard 

The track-and-hold circuit illustrated in Fig. 5 may be used as die iopxA to, for 
exanople, an 8-bit analog-to-digital converter, in which configuration it can be shown to 
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display good perfonnance up to SOOMHz, Ifaereby proving fhe high bandwidifa and low 
distortion of the present invention. 

It should be noted that the above-mentioned embodiment illustrates latber than 
limits the invention, and that those skilled in the art mil be capable of designing many 
5 alternative embodiments without departing from the scape of the invention as defined by tiie 
appended claixDS. In the claims, any reference signs placed in parentheses shall not be 
construed as limiting the claims. The word '^comprising" and ''conotprises", and the like, does 
not exclude the presence of elements or steps other than those listed in any daim or the 
specification as a ^ole. The singular reference of an element does not exclude the plural 

10 reference of such elements and vice-versa. Hie invention may be implemented by means of 
hardware comprising several distinct elements and by means of a suitably programmed 
computer. In a device claim enumerating several means, several of these mans maybe 
embodied by one and the same item of hardware. The mere fact that certain measures are 
recited in mutually difiEerent dependent claims does not indicate that a combination of these 

15 measures cannot be used to advantage. 
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CLAIMS: 



1. A track-and-hold circuit having an input (Vin) and an output signal (Vs), a 
bootstr^ switch (14a) having as its inputs a clock signal and an input signal (Vin), said iiqiut 
signal (Vin) being connected to said output signal (Vs) of said circuit via level shifting (20) 
and buffering means (30), characterized in lhat said input signal of said bootstr^ switch 

S (14a) comprises said ouQiut signal (V s) of said circuit 

2. A track-and-hold circuit according to claim 1 , including two or more bootstrap 
switches (14a» 14b), the ir^nxt signal of each of which is connected to said output signal (Vs) 
of said circuit via said level shifting (20) and buffering means (30). 

10 

3. A track-and-hold circuit accoiding to claim 1 or claim 2, wherein said 
buffering means (30) comprises a MOS transistor. 

4. A track-and-hoM circuit according to claim 3, wherein said MOS transistor 
IS (30) is a FMOS transistor. 

5. A track-and-hold circuit accoiding to any one of claims 1 to 4, ftulfaer 
comprising a capacitor (12), said input signal being connected to said capacitor (12) via a 
switch (10), said switch (10) being closed during a track mode of said circuit and open during 

20 a hold mode of said circuit 

6. A track-and-hold circuit according to claim 5, ftirther comprising one or more 
dummy switches (1 6) which are clocked in anti-phase to said switch (10) connecting said 
input signal (Vin) to said capacitor (12). 

25 

7. A track-and-hold circuit according to claim 6, wherein said input signal (Vin) 
is connected to said dummy switches (16) via a bootstrap switch (14b), having as an 
additional iiq)ut an anti-phase clock signal. 
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8. An analog-to-digital converter including a track-and-hold circuit according to 
any one of claims 1 to 7. 

9. An integrated circuit including an analog-to-digital converter according to 
claim 8. 
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ABSTRACT: 



A track-and-hold circuit comprising a switch (10) and a capacitor (12). A first 
bootstrap switch (14a) has as its inputs a clock signal cUdn and an input signal Vin. The clock 
signal clkboot output from the first bootstrap switch (14a) is applied to the gate of the switch 
(10). The first bootstrap switch (14a) is connected between Ihe input Vin and the output Vs of 
S the circuit via level shifting means, in the form of a currotit source (20), and bufifer means 
(30). 

A second bootstrap switch (14b) is provided, having as its inputs the clock 
signal clkm and the input signal Vin. The anti-phase clock signal clkhboot output fiom the 
second bootstnqi switch (14b) is applied to the ga^tes of two dummy switches (16) connected 
10 on either side of the switch (10). 



Fig. 5 
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